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Abstract 
The ability to mentally navigate through time - thinking about the past, present and future - has been coined Mental Time Travel 
(MTT; Suddendorf & Corballis, 2007). MTT can be understood as a fusion of episodic (Tulving, 1984) and prospective 
memories and is thought to necessitate high-level cognitive processes such as recursion and analogy that operate on the mental 
representations of events in time. The theoretical landscape for MTT is closely related to our current understanding of space and 
number processing in the brain. For instance, a common reference frame for the representation of time, space and number has 
recently been proposed (Bueti & Walsh, 2009; Dehaene & Brannon, 2011) and evidence in favor of the existence of interferences 
across magnitudes is on the rise (Lambrechts et al., 2013).  In order to gain a better understanding of the possible interfacing 
between the mental representations of time and space, we directly compared MTT with Mental Space Travel (MST). For this, we 
developed a psychophysical paradigm which constrained participants to produce a concurrent mapping in mental time and space. 
A set of real-world events was carefully designed using controlled locations, dates, and contexts for each single event; all events 
were near-homogeneously distributed across time and spatial longitude and centered on the year 2013 in Paris. Given a set of 
reference historical events taking place at a particular moment in time or at a particular geographical spot in the world, 
participants were asked to either project themselves mentally in time or in space in order to perform the task. Specifically, 
participants had to answer in a 2-alternatives forced-choice (2-AFC) whether a given test event occurred before or after a 
reference event (time dimension) or whether the test event was located east or west of the reference event (space dimension). 
Participants’ task was made relative to a spatiotemporal reference frame randomly intermixed to maintain both temporal and 
spatial layout in participants’ mind. Our measures of interest were participants’ reaction times (RT) and error rates (ER) in order 
to assess the distance effects in time (Temporal Distance Effect; Arzy, 2009; Santiago, 2010) and its analog in space (Spatial 
Distance Effect; Denis, 2008; McNammarra, 1986; Noordzij, 2005). Absolute distance effects (aDE) consist in an increase of RT 
and ER when comparing two events in a spatially or temporally distant reference frame relative to a present or local reference 
frame. Relative distance effects (rDE) consist in the increase of RT and ER with relative temporal or spatial distance between the 
event to be compared and the reference, irrespective of its actual temporal or spatial value. aDE can be interpreted as a cost of 
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self-projection in time or space i.e., a shift of the mental reference of self; conversely, rDE may result from the comparison 
process of temporal or spatial positions of events on the mental time map. One central question was whether the same mental 
mapping is used for mental travel in time and space. Our results are interpreted in the context of a preliminary model consisting 
of three distinct cognitive stages, namely: a memory stage in which temporal and spatial information are recalled from memory 
as allocentric information; a second projection stage in which information is projected in egocentric coordinates as a point on a 
mental map serving a third comparison stage in which the temporal or spatial position of an event is compared to the egocentric 
reference. Memory stage: no temporal or spatial distance bias was observed in the memorization pre-test, suggesting that DEs do 
not simply result from properties of memory encoding. The memorization score pattern was in fact very different for time and 
space respective to the identity of the events, suggesting at least a separate recall process. Projection stage: a significant aDE was 
observed in space and time i.e., a significant increase of RTs for both temporal (Past and Future reference) and spatial (Western 
and Eastern reference relative to Paris) shifts, for both space and time judgments. However, a ERs increase was only seen for 
temporal shifts in time judgments, and spatial shifts in space judgments. The fact that aDE was domain-unspecific for RTs and 
domain-specific pour ERs suggests that the shifts impacts the process up to the comparison stage, after the dimension selection. 
Representation and comparison stage: rDE were found in time and space judgments but no inter-domain rDE was found. The 
lack of time-space interference in this task strongly suggests the existence of parallel representations for time and space. Their 
selection may occur at the comparison stage in order to perform the task. Crucially, rDE were best fitted by a logarithmic 
function of distance, confirming previous results in temporal domain and extending it to spatial domain. A significant interaction 
between aDE and rDE consisting in a steeper slope of rDE in temporally shifted reference conditions for temporal judgments and 
in spatially shifted reference conditions for spatial judgments, show the same properties of encoding the distance on both 
representation of time and space. Taken together, our results suggest that participants build parallel representations for time and 
space and switched between them while maintaining the mental projection of both temporal and spatial reference. The properties 
of the observed rDE suggest that the representation of time and space are comparable but whether the effects found are due to the 
encoding or to the comparison process are yet to be elucidated. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Organizing Committee of the International Conference on Timing and Time 
Perception. 
Keywords: Space; Time; Mental mapping; Distance effect 
References 
Suddendorf, T., & Corballis, M. C. (2007). The evolution of foresight: What is mental time travel, and is it unique to humans? The Behavioral 
and brain sciences, 30(3), 299-313; discussion 313-351.  
Bueti, D., & Walsh, V. (2009). The parietal cortex and the representation of time, space, number and other magnitudes. Philosophical 
transactions of the Royal Society of London. Series B, Biological sciences, 364(1525), 1831-1840. 
Dehaene, S., & Brannon, E. M. (Eds.). (2011). Space, time and number in the brain: Searching for the foundations of mathematical thought. 
Massachusetts, USA: Academic Press. 
Lambrechts, A., Walsh, V., & van Wassenhove, V. (2013). Evidence accumulation in the magnitude system. PloS one, 8(12), e82122. 
Arzy, S., Adi-Japha, E., & Blanke, O. (2009). The mental time line: An analogue of the mental number line in the mapping of life events. 
Consciousness and cognition, 18(3), 781-785. 
Santiago, J., Román, A., Ouellet, M., Rodríguez, N., & Pérez-Azor, P. (2010). In hindsight, life flows from left to right. Psychological Research, 
74(1), 59-70. 
Mcnamara, P., Abelson, R. P., Garner, W. R., & Ratcliff, R. (1986). Mental representations of spatial relations. Cognitive Psychology, 18, 87-
121. 
Noordzij, M. L., & Postma, A. (2005). Categorical and metric distance information in mental representations derived from route and survey 
descriptions. Psychological Research, 69(3), 221-232.  
Denis, M. (2008). Assessing the symbolic distance effect in mental images constructed from verbal descriptions: a study of individual differences 
in the mental comparison of distances. Acta psychologica, 127(1), 197-210. 
© 2014 The Authors. Published by Elsevier Ltd.
Selection and peer-review under responsibility of the Organizing Committee of the International Conference on Timing and Time 
Perception.
Open access under CC BY-NC-ND license.
